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Description 

[0001] Trie present Invention relates to the methods tor the preparation of nanosized materia! particles, fNano- 
materials" in connection with the present Invention comprise transition metals and alloys; metal oxides; and ceramic 
s compositions having a small nanosize, I.e. about 1 - 5 nm.) Nanomaterials are prepared from the corresponding pre- 
cursors i.e. the corresponding metal salts or alkoxldes by suitable chemical reactions, e.g. reduction, hydrolysis and 
exchange processes under mild conditions. 

[0002] There are known methods to prepare dusters or fine colloids from said nanomaterlafs which are dispersed 
in different suitable solutions. Appropriate liquid media enable the production of different preparations, which may be 

w used as thin films on various supports, 

[0003] There are known several methods for the preparation of ultrathln films of metal particles on solid supports, e. 
g. ion implantation (M.Che. CO. Bonnet. Adv. Catal, 1909, 3o\ 55); organometallic chemical vapor deposition (A. 
Sherman, Chemical Vapor Deposltlonf or Microelectronics, Principles, Technology and Application, Noyas Publications; 
Park Ridge, N J. 19B7; and N.H- Dryden et al., Chem. Mater. 1 991 , 3, 677); metal deposition from colloidal solution 

u (G.Schmid, Chem. Rev. 1932, 92, 1709); reductive metal deposition from aqueous salt solution (LCoulthard, et al., 
Larrgmulr 1893, 9, 3441.); photodecomposition of metal complexes In thin films (R.Krasnasky et. al. Langmuir, 1991, 
7, 2881); and photo-reductive deposition from Pd(ll) complexes in solution (K. Kondo et al., Chem. Lett. 1992, 999) 
Other technics are based on the film formation of noble metal loaded block copolymers (Y.NgCheongCrran et. al., 
Chem.Mater. 1992. 4. 24; andJ.P.Spatz, et aL, Adv. Mater. 1995, 7, 731,); on the Langmulr-Blodget (LB) transfer of 

£0 monolayers or surfactant stabilized metal colloids (F.S. Meldrum et. al., Langmuir 1 994, 1 0, 2035; and 

F.S. Meldrum et al., Chem. Mater. 1 995, 7, 1 112); and on thermal decomposition of LB films of zero valent palladium 
complexes (E, Maasen et. al„ Langmuir 1996, 12, 6601). 

[0004] At present the microelectronic and some related industries, mainry continue to use the vapor deposition meth- 
od. The "Wet" method, which Is a method of film deposition from solutions, provides a good challenge for the Industry 
& since it does not require high temperatures and pressures or high vacuum and enables to vary the properties of the 
nano compositions to a large extent 

[0005] During the last decade, the number of scientific works devoted to the synthesis of nanomaterials In solutions 
has slgnJflcantry Increased. Certain practiced results were reported. Thus, for example G. Schmld (see above) demon- 
strated that the pellets which consist of liggnd stabilized golden dusters (derived from a liquid) may be regarded as 

& tunneling resonance resistors and, addrtionairy, as cellular automates. The density of electronic switches, compared 
with common semiconductors Increased in another example to a factor of lOMOP. Another paper (T. Yamamoto, in 
Macromolecutar Complexes. Ed. by Blshun Tsuchlda, VCH, 1993, 380-395.) informed about the preparation of elec- 
trically conducting polymer compositions by using organosols or metal suindes.Tho polymer-composite films not only 
show good electrical conductivity but were also controlled to p- or n-type conductors. 

as [0008] The realization of quantum dots, of uniform size and structure opens the door to multiple switches. This en- 
ables the manufacture of new generations of computers with extremely high capacities. The manuf actu re of novel mini- 
lasers, based on quantizing particles, will most probably lead to optoelectronic switches, operated simultaneously by 
photons and electrons. Nanometal coatings may be effectively used, e.g as film catalysts (for instance In the processes 
of electro) ess metal deposition); and as modifiers of mechanical properties of different materials. 

40 [0007] However, all said conventional methods are not satisfactory in the preparation of coatings comprising nano- 
material particles, as they are rather complicated, expensive or do not yield the particles having the desired size. 
[0008] It has thus been desirable to find a method which would overcome said disadvantages, i.e should not be 
complicated, not be too expensive and yield nanomaterlal particles having the desired size. 
[0009] It Is well known that water which appears to be a key factor which governs the association of surfactants in 

45 different solvents, functions not only as an inert solvent but plays a significant part In the mechanism of chemical 
processes. (Gam et. al. Coll. & Interface Sci. 178 (1996) p. 60-68), When describing the state of water in relation to 
any surface a distinction is usually made between "bulk" and "bound" water. It Is assumed that "bulk" or free water has 
physico-chemical properties which are not very different from those of pure water. "Bound" water may be defined by 
the operational definitions which refer to the water detected by a certain technique. 

50 [001 0] According to the method utDlzed by Senatra (D. Senatra et. al. Can. J. of Phy$. 66 (1 990) p. 1 041 ), in which 
the endothermlc scaling mode was applied and the peaks representing various states of water were Identified and 
analyzed, it wes shown that "free" water melts at 0°C, "interracial bound" watar melts et-10°C. and non-freezing water 
which is the most strongly bound pan of bound water has no peaks on thermograms up to -1 00*0. 
[0011] It has been found that the state of the water is strictfy correlated with the size of the particles. Particles which 

55 have a diameter of less than 5 nm are synthesized in systems which comprise only strongly bound water (non freezing 
water according to subzero differential scanning Calorfmetry DSC). 
[0012] In developing the method according to the present Invention It has been considered: 
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a, producing the water-organic-surfactant organized solutions (complex liquids) comprising nanosized particles In 
particular having a diameter of 1 • 5 nm which are useful for the particle preparation; 

b. regulating the waier content in such a manner that the whole water will be strongly bound to the surfactant (non- 
freezing) in the system, thus enabling to provide nano panicles which have a diameter of toss than 5 nm; 

£ c. the regulation of the solution structures which enables the regulation of the morphology of the particles; 

d. the variation of the chemical composition and concentration of nano-precursors (and of the complementary 
reactanta), which enables the control of the particle size distributions (PSD) and of the thickness Of the protecting 
shells; 

e. using different polymers which enable the production of films having different adhesion properties, by the deep 
to coating method; and 

f. the control of the viscosity and of the velocity of the solutions which lead to different film thicknesses; 

[0013] The optimization of the above-mentioned factors (which should operate simultaneously) should lead to the 
production of the coating having the desired properties. 
T5 [poi 4] The present Invention thus consists In a method for the production of nanosized particles having an average 
diameter of less than 6nm. said nanosized particles being selected from transition metals, transition metal alloys, metal 
oxides and ceramic compositions, 

In which said nanosized particles are synthesized in a complex liquid which is an organised water-organic sur- 
factant solution and wherein the water In the solution is non-freeing water 
so from precursors selected from metal salts and alkoxides 

said nanosized particles being syntheslsed by a chemical reaction under mild conditions 
and preparing from said nanosized particles fine colloids dispersed in a polymer solution. 
P>015J The nanomateriaJ particles have advantageously a diameter of 1-6 nm. 

[001 6] The water In the solution Is non-freezing water as determined by low temperature different scanning calorim- 
26 ©try 

[0017] The suitable chemical reaction may be selected, for example, among reduction, hydrolysis and exchange 
processes. 

[0018] Mild conditions In connection with the present Invention are suitably atmospheric pressure and a temperature 
range of room temperature to 70°C. 

[001 9] Suitable solutions may be selected among microemutsions and liquid crystalline media. 

[0020] Suitable organic solvents may be, e.g. selected among suitable hydrocarbons (octane, decane, dodecane}; 

chlorinated hydrocarbons (1,2 - dichloroethane) ; ethers (ethylether); etc. 

[0021] The appropriate liquid media enable the preparation of different eeij assemblies of nanomaterials and sub- 
sequently the use of them as thin films on various supports, 
as [0022] Suitable surfactants ore, for example,: 

Quaternary ammonium salts, e.g. trioctylm ethyl ammonium chloride (allquat336), dloctyldimethyfammonium bro- 
mide (DDAB), cetyftrlmethylammonlum chloride (CTAB), etc,; sodium bis-(2-ethyRretxy|) - sulfosucclnate; poly- 
eihoxyethyiene-10-oteyl ether (Bnj 96; etc. 
AO Oxide precursors may be, e.g. 
alkoxides: 

tetraethyl orthosilicate (TEOS); tetramethoxy silane (TWOS) ; Al, Zr isopropoxldes, etc; 
Fe, Mg and Al chlorides; Al and Mg acetates; Na and K orthosiiicates; Zr oxychloride; etc. Metal precursors 
as may be, e.g. transition metal salts of Fe, Co, Ni, Cu, Ru, Rh, Pd, Ir and Pt, e.g. FeCI 3 , K 2 PdCl4, KjptCI 4 and 

CuCfe, 

[0023] The polymers may be selected, e.g. from polyethylene oxide (PEO), polyvinyl chloride (PVC), polyvinyl alcohol 
(PVA), polymethyl methacrylate (PMMA), etc. 
so [0024] Suitable reducing agents are, for example, sodium formate; hydrogen; certain alcohols (methanol, ethanol, 
laopropylalcohol) ; etc. 

[0029] The method according to the present invention can direct the morphology, dimension and homogeneity of the 
size distributions of the small colloids (and clusters) end also their self assembling. 

55 Example 1 

[0026] A Pd col loldai dispersion was prepared from a solution containing 1 2% wt of hydrated tri octyfmethylammonlum 
chloride (aiiqual 336) which corresponds to water/aBquat molar ratio = 3.06. Sub-zero DSC analysis did not reveal any 
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peak which belongs to interfaclal (-10°C) and free water (0 a C) In the precursor solution. 

[0027] Potassium tetracloropalladate (KgPdcy (326mg) was solublllzed in a 5 ml aJiquat-dichloroethane-water mix- 
ture. Sodium format© (NaHCOg) (0.22 gr) was poured onto the mixture under argon. The reaction was carried out in 
accordance with the following formula; 

s 

Ka PdCI 4 + 2NaHCO z = Pd + 2NaCI + 2KC! + 2C0 2 + H 2 

[0028] The reaction was earned out at 75° C. In the course of the reaction, the orange color gradually changed to a 
10 dark brown color. The reaction was stopped after 1 hour and the dichloroethane was evaporated from the reaction 
mixture. The waxy residue obtained, was washed, In order to remove the inorganic salts, with deionized water and 
dried at30torrand 60 a C, 

[0029] Electron diffraction data revealed a face centered-cubte (fee) Pd phase, while Transmission Electron Micro- 
scopy (TEM) analysis showed round particles having a mean diameter of 1.8 nm. 
fS [0030] The nanometaJ prepared was radlepereed In 40 ml of dldoro-ethane containing 30% of a v/v Polyvinyl alcohol 
(PVA) . Tha viscosity of the solution was 40 cps. 

[0031 ] The surface of a glass plate was thoroughly cleaned with hot water, methyl alcohol and diethyl ether. A coating 
was prepared by drawing with the velocity of 8 mm/sec. The bright orange transparent film obtained had a magnitude 
of electrical conductivity 10* Q-W. 

20 

Example 2 

[0032] 1.25 Q of a commercially available nonlonic surfactant Brt}-9$ (poly- ethoxyBthylena- 10- oleyl ether C ia Has 
(OCH^X^OH (PEO) was added to a mixture of 4 ml of hexane and 1 .1 a g of l-butanol. 1 ml Df a 0.025M solution of 

25 FeCI, in 0.01 HCI was then poured on the mixture. The mixture was homogenized by Vortex and it then looked like a 
homogenous solution. The sub-zero DSC analysis did not reveal any peak which belong to freezing water. After an 
ageing process at 40°C in the course of 4B hr, TEM and small angle X-ray scattering (SAXS) there were visualized 
particle© having a mean diameter of 3.5 nm and 10% degree of polydtepersion. Photoelectronlc Spectroscopy (XPS) 
analysis Indicated FeOOH formation. The mlcroemulsion was concentrated by evaporation at 35 a C and 60 torr and 

so the wax residue obtained was redlspersed In 1 0 ml of Polyethylene glycol (PEO). The viscosity of the solution was 9.3 
cps. A coating was prepared by drawing with the velocity of 12 mm/sec. Coming glass plates were soaked In ethanol 
solutions in the course of 24 hr rinsed with distilled water under sonlcation, then Immersed In ethanol arid dried at 
1 05°C for 8 hr. A film was formed on the glass plate by spreading of the solution. After a film heat treatment at 45°C 
the film was not cracked or destroyed. Scanning electron microscopy (SEM) of the coating (removed from the support) 

33 did not show arty growth of the particles. 

Example 3 

[0033] 0,5 g Of commercially available surfactant didodecylammonium bromide (0DA3) containing fi% of water Was 
40 added to 7 ml of toluene, and stirred with shaking to form an inverse mlcellar solution. Thereafter 0,025 g of r^PtCl e 
and 1 .2 ml of tetraethylorthoailicate (TEOS) were added to the solution obtained, which was then stirred until the salt 
was fully solublllzed. Then NaBH 4 was poured into the salt precursorsolution with rapid stirring in an ergon atmosphere 
so that the IBHJ : [PT 4 *] relation was 4:1. The solution gradually turned to dark brown. The pH of the solution was 
adjusted to 6,5 by the addition of an organic buffer in ethanol. The solution was aged at room temperature during 3 
days previous to film formation by deep coating. According to sub-zero DSC data, the system did not contain any 
freezing water. The viscosity of the solution was 7.2 cps. A coating was prepared by drawing with the velocity of 12 
mm/sec. 

[0034J Glass substrates were cleaned in the same manner as described In Examples 1 and 2. In order to enhance 
the adhesion of the film to the glass, cleaned and dried glass supports were immersed In a 0.5% ethanol solution of 

so triaminopropyrtriethoxysllane, rinsed wfth dichloromethane and ethanol and baked in an oven at 1 20°C for 2 hr. SAXS, 
TEM, XPS and SEM analyses were indicative of nanoslze (3-5 nm) Pt (partially oxidized on the surface) panicles 
embedded in the silica matrix. Low temperature nitrogen adsorption of the separated film dried at 1 00°C In the course 
of 3 hr showed 37% film porosity having a mean pore diameter of 35A". Thernio treatment of the film at 450°C for 1 
hr did not change the pore characteristics of the film. Such prepared substrates were suitable In electroless Ni plating. 

« A typical plating solution contained 0.105 mol of L" 1 NiS0 4 7H 2 0 and 0.195mol of L" 1 H 5 P0 2 . 
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Claims 

1 . A method Tor the production of nanoslzed particles having an average diameter of less than 6nm. said nanosfced 
panicles being selected from transition metals, transition metal alloys, metal oxides and ceramic compositions, 
5 in which eald nanosized particles are synthesized In a complex Hqufd which is an organised water-organfe- 

surfactant solution and wherein the water In the solution is non-freezing water 
from precursors selected from metal salts and alkoxides 

said nanoslzed particles being synthealsed by a chemical reaction under mild conditions 
and preparing from said nanoslzed particles fine colloids dispersed In a polymer solution. 

10 

2* A method according to claim 1 in which the nanoslzed particles have an average diameter of between 1 end 6nm. 

3. A method according to Claim 1 or 2, wherein tho nanomaierial particles have an average diameter of less than 
Srtm, preferably 1-5 nm. 

is 

4. A method according to any of Claims 1 to 3, wherein the mild conditions are atmospheric pressure and a temper- 
ature range of room temperature to 70*0. 

5. A method accordin g to any of Claims 1 to 4, wherein the chemical reaction is selected among a hydrolysis, reduction 
zo and exchange process. 

6. A method according to any of Claims 1 to 5 r wherein the complex liquids are selected among mlcroemuisiDns and 
liquid crystalline media. 

25 7. A method according to any of darns 1 to 6, wherein the organic solvent is selected among suitable hydrocarbons 
(octane, decane, dodecane); chlorinated hydrocarbons (1,2 - dtehloroelhane); and ethers (etrrylethor). 

B. A method according to any of Claims 1 to 7 , wherein the surfactants are selected among triocrylmethyl ammonium 
chloride (allquat336), dioctyldimethylammonlum bromide (DDAB), cetyltrimethylammonium chloride (CTAB); so- 
M dlum bis-(2-ethyl-hexy|)*sulfosucclna!e; and poly-othoxyethylene-10-oleyl ether. 

9. A method according to any of Claims 1 to 6, wherein metal oxides and precursors are selected among tetraethy! 
orthosilicate (TEOS); tetramethoxy srtane (TMOS); Al, Zr Isopropoxides, ; 

Fe, Mg and Al chlorides; Al and Mg acetates; Na and K orthosllteatea; Zr oxychioride and transition metal salts of 
3S Fa, Co, Nl. Cu, Ru, Rh, Pd, Ir and PL 

10. A method according to any of Claims 1 to 8, wherein the polymers are selected among polyethylene oxide (PEO); 
polyvinyl chloride (PVC); polyvinyl alcohol (PVA); and polymethyl methacrylate (PMMA). 

*o 11 . A method according to any of Claims 5 to 10. wherein the nanoslzed particles are synthealsed by reduction and 
the reducing agent is selected among sodium formate, hydrogen; and certain alcohols (methanol, ethanol, Isopro- 
pyf alcohol). 



43 Patentansprucho 

1 . Verfahren 2ur Herstellung von Partlkeln In NanogrdGe mtt einem durchechnlttllchen Durchmesser von wenlger als 
6 nm, wobei die Partikel in NanogroBe aus Obergangsmctallen, ObergangsmetalJegrerungen, Metalloxiden und/ 
oder keramlschen Zusammensetzungen ausgawahlt werden, 

so bei welchem die Partikel in Nanografle in elner Komplex-Flusslgkelt, die cina organlslerte Waseer-organischobar- 
flachenakttver Stoff-LBsung 1st und In welcher das Wasser in der Losung nicht-gefrlerendes Wasser 1st, 
aus Zwlschenprodukten synthatisiert werden, 
dlaaus MetallsaJ2en unoVodarAlkoxiden ausgewfiM werden, 

die Partikel in NanogroBe durch eine chemlsche Reaktion untersanften Becflngungen synthetisiert werden und 
85 aus den Partikeln in NanogrflBe Feinkolloide erzeugt warden, die in elner Porymerlosung dlspergfert slnd, 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da 3 die Partikel In NanogroBe einen durchsehntttllchen 
Durch-. messerzwlschon 1 und 6 nm besltzen. 
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3. Verfahren nach Anspruch 1 Oder 2, dadurch gekennzelchnet, daB die Nanopartikel elnen dUrthschnittfichen 
Durchmesser von.weniger als 5 nm, vorzugeweise zwiscben 1 und 5 nm besi^en. 

4. Verfahren nach einem der Anspruche 1 bis 3, dadurch gekennzelchnet, daB die sanften Bedlngungen Atmo- 
* spharendruck und eln Temperaiurberelch von Raumternperatur bis 70'C elnd. 

5. Varfahren nach einem der Anspruche 1 bis 4, dadurch gekennzelchnet, daB die chcmlsche ReaktiOn eine Hy- 
drolyse. eine Reduktlon und/oder ein Ausmuscrwerfahren ist 

10 6. Verf ahren nach einem der AnsprOoho 1 bis S , dadurch gekennzelchnet, daB die Komplexflusslgkelten Mlkroemul- 
sionon und/oder Russigkristallmedien elnd. 

7. Verfahren nach einem der Anspruche 1 bis 6, dadurch gekennzelchnet, daB das organisohe Losungsmittel aus 
geelgjieten Kohlenwasseretoffen (Oktan, Dekan, Dodekan), Chtarkohlenwa^eratoffen (1 ,2 - Dichlorathan) und/ 

<s oder Ether (Ethylathar) ausgewhalt ist 

8. Verfahren nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet, daB die obertl&chenaktiven Stoffe aus 
Trtoctylmethyl-Amrnoniurnchlorld (Allquat336), Diocryldimethyl-Arrimoniumbromid (DDAB), CelyltrlrnettrylAmmo- 
nlumchlorld (CTAB), NatrlumW- (2-Ethyl-Hex^-Surfosukzlnat. und/ Oder Pory-Etoxyothylen-lO-Oleyt-Ether aus- 

20 gewahltslnd. 

9. Verfahren nach einem der Anspruche 1 bis 8, dadurch gekennzelchnct, daO die Metalloxyido und Zwischenp re- 
duce aus Tetraethyl-Onhoemkat (TEOS), Tctramethoxyellan (TWOS), AK Zr-lsopropoxWen, Fe-, Nig- und Al-Chlo- 
rtden, Al- und Nlg^Azetaten, No- und K-Orthosilikaten. Zr-Oxyehiorid und/ odar Ubergangsmetatealzen aus Fe, 
Co, Ni, Cu, Ru, Rh, Pd. Ir und Pt ausgewahlt stad. 

10. Verfahren nach einem dar Ansprfiche 1 bb 9, dadurch gekennzelchnet, daO die Polymer* aus PoryethylenoxW 
(PEO). Polyvlnylchlorid (PVC), Polyvjnylalkohol (PVA) und/oder Polymethyl-Methacrylat (PMMA) ausgewfihftsind. 

30 11» Verfahren nach einem der Anspruche 5 bis 10, dadurch gekennzeichnet, daB die Partlkel.in NanogroBe durch 
Raduk. Hon synlhetisiert warden und das HeduziarmftteJ aua Natriumformiat, Wasserstoff und/oder bestimmte 
Alkoholo (Meihanol, Ethanol, isopropylalkohol) ausgewahlt 1st. 



& Revendications 

1 . Precede pour la production da particules de nano-taillo ayant un dtametre moyen lnfdriour a 6 nm, lesdites parti- 
cules da nano-tallle etant cholslas parmi les meteux de transition, alleges de metaux de transition, oxydes metal- 
liques at compositions ceramiquas, 

40 clans laquelle lesdites particules de nano-tailte sent synthetUees dans un liqulde comptoxe, qui est une so- 

lution cfeau-organkjue-de surfactants organlsee et dans laquaJie i'eau dans la solution est une eau incongelable 
issues do precurseurs choiais parmi des sela et dee alcoxydes metalllques 

lesdites particules de nano-taille atant synthetlsees par una reaction chlmlque dans des conditions deuces 
et la preparation a partlr de cea particules de nane-taille, de conoldes fins disperses dans una solution po- 
*s lymere. 

2. Precede selon la revendicatfon 1 , dans taquelle les particules de nano-taWe ont un diametre moyen entre 1 et 6 nm. 

3. Precede selon la revendicadon 1 ou 2, dans laquelle les particules da matiera de nano-tallle ont un diametre moyen 
so inferieur a 5 nm, preferablement de 1 a S nm. 

4. Precede selon Tune quefconque des revendlcabons 1 a 3, dans laquelle lee conditfons douces sont la pression 
aimosphertque et une plage de temperature de temperature amblante Jusqu'a 70 °C. 

55 5. Precede selon l'une quelconque des revendications 1 a 4, dans laquelle la reaction chimique est cholsle parml un 
precede d'hydrolyse, de reduction ou d'echange. 

6. Precede selon l'une quelconque des revendications 1 a 5, dans laquelle las llqulctes complexes sont cholsls parmi 
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les microomulsions et les milieux cristallins Oquldes. 

7. Precede selon I'une quelconque des revendications 16 6, dans l&quelle le soh/ant organique est chorsi parmi des 
hydrocarbures epprcpries (octane, decane, dodecane); hydrocarbures chJores (1 ^-dichloro-ethane); et ethers 

s (ethylether). 

8. Proe6de selon rune quelconque des revendicatione 1 a 7, dans laqueUe tea surfactants sont ehoisis parmi tes 
chlorure de trioctyImer,hyl ammonium (aliquot 336), bromure de dioctyldimdthylammonium (DDAB), chlorure de 
cetyltrimathytarnmonium (CTAB); bis-(2-6thyl-hexyl)-surfosuccinata de sodium; et poly-ethoxyethy!&ne-10~oleyl 

"> ether. 

9. Proceed selon Tune quelconque des revendications i a 6, dans laquelle Ie9 oxydes metaJliques et les precursors 
sont cholsls parmi les. orthosHIcates de tetraethyle (TROE); tetramethoxy silane (TMOS); [so-propoxydes de Al. Zr,; 

chloruree de Fe, Mg et Al; acetates de Al et Mg; orthosillcates de Na et K; oxychlorure do Zr et sets de metaux 
M de transition da Fe, Co, Ni, Cu, Ru, Rh, Pd. Ir et Pt 

10. Precede selon i'une quelconque des revendications 1 a 9, dans laquelle les polymeres sont Chotete parmi les oxyde 
de poryehtytene (PEO); chlorure de polyvinylc (PVC); alcool de polyvinyte (PVA); et mSthacrylate de polymsthyle 
(PMMA). 

so 

11. Precede selon I'une quelconque des revendications 5 a 10, dans laquelle les partfcules de nano-taille sont syn- 
th&teees par reduction et regent reducteur est cholsl parmi les formate de sodium; hydrogen e; et certains alcoote 
(methanol, ethanol, alcool Isopropyiique), 
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